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iroiarciATtnis 

A ° naxlnun  nienilo  oross  ooctional  area,  square  feat 

b2 

fa  = aspect  ratio,  % 

M 

1)  ° wing  span,  foot 

CD=  drag  ooofficiont  of  RHL’,  D/g3 

C = lift  coefficient  of  RJ54,  L/gS 
L 

D = drag,  pounds 

« 

S a acceleration  of  gravity,  feet  par  second  per  sooond 

K = lltlp  ^ 3,  a constant 
2 

L a lift,  pounds 
" 53  Uaoh  number 

p * ambient  static  pressure,  noia 

o 

n ® range,  nautical  miles 
RKii  ■ ran  roohet  taloailo 

3 • total  wing  aroa  including  area  within  fuselage,  squaro  foot 
SPG  ■ apooifio  fuel  consumption,  lbs.  fuel  per  nr*  per  lb,  thrust 
T ■ tvruat,  pounds 
t 3 tine,  seconds 

V * velocity,  feet  per  aeoond 

V/  * instantaneous  weight  of  raifjpile  during  acceleration,  lbs, 
b'Q  * empty  weight  of  missile,  lbs, 

V niasils  weight  at  start  of  Qreguot  trajectory,  lbs, 

' ?'p " propellant  weight  at  start  ©f  Broguet  trajectory,  lbs, 

» ^ c total  gross  tnhe-off  woight,  lbs. 
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HOkJKOLA'rJkl  (continued) 

o<  c angle  of  attack  of  wing  and  body  of  missile,  degree" 

^ s ratio  of  specific  heat3  of  air 

\ B ratio  of  total  fuel  weight  plus  boostor  propellant  weight 
w to  total  gross  weight  on  take-off 

l)g  = ratio  of  booster  weight  to  total  gross  take-off  weight 

-p  c ratio  of  fuel  weight  to  fcefcsl  nissilo  weight  at  beginning 

u of  Brogue t trajectory 

$ m angle  of  longitudinal  axis  of  missile  with  horizontal,  degrees 
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SECT nrn  lffllBMrioH 

Preliminary  Investigation  of  the  Ham  Rocket 
as  a*  75&&F  yjant  for  a L»6ng-hdrige  ihr.gad  luidalia 

X.  Sumary 

Hang©  calculations  wore  nade  for  a long-^ai.ge  missile 
using  a rant  rocket  ae  tho  power  plant.  These  calculations 
ore  tho  first  of  a soriea  dealing  with  various  applications 
of  *ihe  ram  rocket*  It  is  folt  that  the  long-range  guided 
ttls&lle,  while  porhapa  not  the  ideal  application  for  the  ran 
reokot,  has  oertain  requirements  whioh  the  ran  rocket  eon 
uniquely  fulfill*  ?or  example,  the  ran  rocket  can  supply 
the  thrust  requirod  to  accelerate  a missile  to  design  con- 
ditions while  conoujaing  onl^  a part  of  the  propellant  weight 
required  by  a oo; parable  boostor,  and  con  then  power  the  mis- 
sile (hiring  tho  subsequent  mid -course  or  Breguot  trajootory. 
This  dual  role,  nade  possible  by  the  wide  thruet  variation 
available,  io  only  one  example  of  the  usefulness  of  the  ram 
rookot  principle. 

The  ram  rocket  power  plant  was  adapted  to  tho  structure 
of  tho  Triton  missile,  a 2000  milo  range  ranjot  using  JP-1  as 
a fuel.  This  adaptation  prooedure  thon  allowed  a direct  com- 
parison between  tho  ramjet  and  ram  rocket  power  plants  and 
their  offset  upon  euoh  critical  variables  as  ra.'gG,  gross 
take-off  weighty  and  booster  sisa.  Tho  main  body  of  the  re- 
port in  oonoornod  with  describing  tho  assumptions  that  were 
required  in  adapting  the  ran  rocket  to  tho  'iritor.  oonfigurs- 


Tho  fuel  used  in  tho  ran  rocket  described  herein  is 
methyl acetylene*  It  should  be  noted,  however,  that  due  to 
present  high  cost  of  mothylacetylene8  it  is  hoped  that 
cheaper  fuels  with  similar  characteristics  will  be  found* 

L'o  an  while,  metbyXaootyleae  is  used  in  those  calculations 
to  illustrate  the  typo  of  fuel  that  is  theoretically  de- 
sirable » and,  at  the  same  time,  actually  available*. 

A mttsiary  of  tho  results  of  those  calculations  appears 
in  Table  III*  These  figures  indicate  that  tho  ram  rocket 
con  obtain  the  eamo  range  as  the  rocket-boosted  ramjet  with 

9 

a lower  total  take-off  woight,  as  well  ns  a reduction  in  the 
roquirod  booster  size  of  the  order  of  80?j*  Theso  savings 
may  bo  directly  attributed  to  the  lower  speoific  fuel  con- 
sumption of  tho  riuu  rocket  during  tho  aocolor&tlon  phase  as 
compared  to  tho  spec if io  fuel  consumption  of  the  booster 
rocket  of  the  ramjet  missile* 

Due  to  the  unique  dopondonoy  of  the  ram  rocket  perform- 
ance upon  altitude  and  flight  speed  during  the  acceleration 
period,  it  is  ouggostetl  that  further  lnvootigationB  be  made 
into  tho  problems  of  establishing  an  optimum  acceleration 
trajectory  for  this  typo  of  powor  plant* 
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II  Introduction 

It  is  the  purpose  of  this  report  to  investigate  the  ■ 
•application  of  the  ran  rooket  as  a power  plant  fox*  a 
long-range  guided  niosile* 

The  baeio  ran  rocket*  as  described  in  Reference  (p), 
is  an  air-breathing  Jet  propulsion  device  consisting  of  a 
diffuser*  combustion  chamber-  and  exhaust  no&sle,  Fuel  for 
tho  combustion  chamber  Is  provided  by  the  exhaust  gasos  fro 
©no  or  mere  rackets  mounted  at  the  exit  of  the  diffuser* 
Figure  (1)  is  a schematic  representation  of  a ran  rooket 
with  a constant  area  combustion  oharbor  ♦ 

"he  porforacnce  of  tho  ram  rookot  naturally  depends 
ujkm  tho  chemical  onergy  available  in  tho  rocket  exhaust  a 
For  this  reason,  as  well  as  the  ^eduction  in  weight  made 
possible  by  tho  elimination  of  an  oxidizer  and  ite  atten~ 
dant  tank**  pumps,  and  piping,  a monoprcpellant  system  is 
generally  more  desirable  than  a bipropellant  system: 

An  aestylens-typs  noneprc-pcllant  with  a high  negative 
no*t  of  formation  ie  ideally  suited  for  ueo  in  the  ram 
rooket,  and  honoe  nsthylacetylene,  G,H^,  waj  used  in  the 
calculations  dosorlbed  in  this  report,  With  & specif io 
impulse  epprosohing  R00  seconds  at  a chamber  pressure  of 
300  psfu,  ths  deuomiHJsltion  products  of  methyl acotylcme 
have  o.  residual  one  uioal  on  orgy  available  for  combustion 
on  the  order  of  In, coo  btu  per  pound,  which  compare*  favor- 
ably with,  tho  l'/,C00  Btu  per  pound  available  in  a ramjat 
ucin£  gieollne  ca  a .fuel. 
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At  supersonic  speeds,  therefor*,  it  nay  be  expected 
that  specific  fuel  consumption  of  the  ram  rocket  will  be 
roughly  equal  to  that  of  a ramjet*  Also,  due  to  the  nature 
of  the  fuel  injection  process,  there  is  a possibility  of 
obtaining  a combustion  efficiency  superior  to  that  of  a ram- 
jot*  This  variation  in  combustion  effioieney  and  other  basic 
differences  between  the  ram  rocket  and  the  ramjet  will  be  dis- 
cussed further  in  Section  IV, 

Assuming  for  the  moment  that  at  some  cruise  Llach  number 
the  performance  of  the  ram  rockot  and  the  ramjet  power  plants 
arc  identical,  wa  see  that,  for  a given  range,  to  obtain  any 
doorcase  in  the  take-off  gross  weight,  it  is  neooaaary  that 
tho  fuel  consumed  in  reaching  the  design  conditions  at  the 
start  of  tho  cruiae  trajectory  be  minimized. 

To  establish  tho  importance  of  reduoing  the  fuel  con- 
sumption during  tho  acceleration  portion  of  the  flight  path, 
it  U oonvoniont  to  use  a modified  form  of  tho  gimpls  Breguot 
range  equation*  It  has  boon  shown  in  Reference  (1)  that  for 
an  air-breathing  engine  such  as  the  ramjet,  the  Breguot  tra- 
jectory is  tho  optimum  cruising  flight  path*  As  will  be 


shown  in  Section  VI,  this  nodifiod  range  equation  may  be 


writteni 


H 


592 


'JXX 


.In 


whore  H ran  o in  nautical  miles 


(1) 


V * cruising  velocity,  feet  ; or  socond 

syc  = specific  fuel  aoRstev  tion,  lbc  fuel  per 
hour  per  lb*  thrust 
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5. 


(«)  « naximuiii  lift  to  drag  ratio  at  cruise  velocity 

max 

- ratio  ef  propellant  weight  to  total  weight 
1 of  missile  at  the  beginning  of  the  cruise 

trajectory.  * 

Aasuming  that  the  missiles  under  consideration  are  aero- 
dynamic ally  identical,  and  that  the  power  plants  have  equal 
specific  fuel  consumptions  at  the  cruise  velocity,  we  may  now 
substitute  seme  representative  values  in  Equation  (1).  For  ex- 

asp?.e,  let  ua  assume  that  the  following  figures  are  applicable 

« 

to  a long-rangfe  ni ssile ; 

Cruise  Mach  number  = 3*0 

Cruise  velocity  = 2921;  fast  per  aeoond 

Specific  fuel  consumption  «*  1.8  lbs,/ib-hr* 

With  these  valuta,  Stouat ion  (l)  baoomesi 

R « 435S  In  — ^ 

± ->>0 

Suppose  now  that  the  empty  weight  of  all  missiles  it 

8.000  lbs*.  and  consider  the  effect  of  a variation  of  on 
' ' 3 

the  rajige. 
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% 

1 

r -l»>k  . . 

. 24*000 

8,000 

.667 

12,000 

.600 

2.50 

.9163 

3970 

24,000 

6,000 

.667 

18,000 

,5oo 

O 

o 

• 

.6931 

3000 

24,000 

8,000 

.66? 

4, 000 

*333 

i«5o 

.4055 

1753 

24,000 

8,  COO 

*667 

2,000 

. 200 

1.25 

• 222> 

965 
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As  one  would  expect,  the  effect  of  the  logarithmic  term 
in  the  range  equation  is  greatest  for  low  valuos  of  ■O  # Assum- 

C 

lng  a total  take-off . weight  of  21t,000  pounds,  an  increase  in 
freer,  #333  to  *500,  Tfuich  reprasor.tc  a 33/'  decrease  in  the 
fuel  required  to  reach  the  design  flight  conditions  at  the 
start  of  oruioe,  trill  produce  on  increase  of  70,?  in  the  cruise 
rang©# 

• From  this  simple  comparison,  it  is  evident  that  a power- 
plant  that  can  start  its  Braguet  trajeotory  with  the  highest 
value  of  ^0,  all  othor  things  being  equal,  is  the  power  plant 
that  will  deliver  a given  payload  the  greatest  distance,  or 
eonvorsoly,  will  doliver  a given  payload  a required  distanoe 
with  the  mini'.Tua  total  take-off  v/ eight. 

Those  considerations,  thon,  load  us  to  the  problem  of 
finding  moons  to  roduco  the  fuol  require!  to  reach  tho  initial 
cruise  operating  point#  The  ranjot,  boostod  to  this  point  by 
means  of  a solid  or  liquid  fuel  rocket**  is  co.nitted  to  a 
lnr-o  total  toko- off  woight  if  a reasonable  value  of  V*a  is 
docirei,  Tho  rocket-boon  tod  ranjot  nay  havo  boor- tors  on  the 
order  of  £0,1  or  proctor  of  tho  total  tako-off  weight,  depending 
on  tho  dosiro  initial  cruire  altitudo  and  Mach  numb  or#  It  is 
Vr.r,  pur  peso  of  tliia  report,  by  noons  of  a specific  example,  to 
sb-cn  that  tho  logistical  orablcus  of  u oupo.uonic  uiosile  may 
bo  ro  bleed  by  using  tho  ran  rocket  power  olnnfc,  which  will  per- 
mit a Iniyo  reduction  i;i  tli-j  total  external  booster  weight  ro- 
qul rod  # 

Tho  exiviplo  corub  la  of  a oo,i  arisen  botwoon  a ramjet 

cctiriDaffm. 
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aiaalla  and  an  squivalont  ram  rocket  missile.  Obviously* 
core  caist  be  taken  in  making  sucb  a eomporiaon,  since  the 
results  arc  largely  demandant  on  the  assumptions  that  form 
the  basis  of  the  calculations. 

It  was  decided  that  sufficient  published  information 
©oncoming  tho  performance,  de3igne  and  weight  oaloulations 
for  a ramjet  missile  such  as  tho  Triton  was  available  so 
that  a comparison  could  be  made  v/ith  a minimum  of  effort* 

The  Triton  Is  a rocket-boosted  ramjet  of  30,000  pounds  total 
take-off  weight  with  a 2000  nautical  mile  range.  Tills  miss- 
ile carries  a 3000  pound  payload  and  has  a ^ oqual  to  * 

The  complete  analysis  of  the  Triton  missile  appears  In  Refs*, 
ronce  (2). 

In  order  to  calculate  the  acceleration  trajectory  of  tho 
ran  rooket  misoilo,  aorodyrioaio  and  poworplant  data  evor  tho 

t 

required  !.!aoh  number  rango  must  bo  available.  The  noxt  few 
eootions  will  discuss  the  assumptions  used  in  obtaining  tliis 
data. 
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Ill  Aerodynamic  Data 

Due  te  the  nature  of  the  calculations  for  the  aoc dera- 
tion trajectory*  aorcdynnnie  data  for  the  ran  roclcet  missile 

is  needed  over  the  entire  f.ach  number  range  encountered*  Y/here  .1 

/ 

the  Triton  and  its  booster  accelerated  to  a design  Mach  numbed 
of  2«lf  at  aero  lift,  fee  raa  rookot  missile,  which  we  shall 
horoofter  designate  as  is  assumed  to  vary  its  angle  of 

attack  so  that  a constant  angle  of  climb  nay  be  maintained. 

Sinoe  the  aerodynauio  data  for  the  Triton  was  unapplioablo, 
another  means  had  to  bo  found  to  obtain  roaronable  data.  Theo- 
retical calculations  to  obtain  aerodynamic  data  involving 
wing-body  combinations  aro  lengthy  and  of  questionable  aoour- 
aoy.  It  was  docidcd  that  experimental  wind  tunnel  results  wore 
the  moot  reliable  sources  of  information.  Thorofore,  all  ex- 
perimental data  available  at  the  tlno  was  assembled*  It  was 
found  that  tho  most  information  was  available  for  a combination 
utilising  a dolta  wing  and  a cylindrical  body  with  on  ogival 
nose.  All  tho  data  corresponding  to  this  basic  configuration 
was  plottod  vorous  flight  Haoh  number,  and  a neon  ourvo  was 
drawn  through  theso  oxporlmcntal  points.  This  mothod  thus 
provided  eoruervatiyo  data  for  a hypothotioal  misoile  that 
represents  a practical  design  provon  by  experimental  toots* 

Figures  ^2}  through  (6)  aro  the  results  of  thin  survey, 
with  tho  chided  nr^an  representing  tho  spro  ad  of  all  the  data 
obtained.  All  of  tho  data  between  tho  Mach  siunbor  range  of 
0 to  2*£  are  from  exoorinantal  wind  fcunnol  investigations, 
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. while  tho  data  for  i'ach  nunbera  higher  than  2#f>  was  extra- 
polatod  with  the  aid  of  theoretical  calculations  presented 
in  Inference  (3).  It  was  necessary  to  assume  a parabolic 
relation  botr?eon  the  lift  and  drag  oosffioients  to  -obtain 
these  coefficients  at  anglea  of  attach  other  than  these  for 
tho  naxinun  lift- to -drag  ratio# 

V/ith  tho  assumption  of  a supersonic  inlet  under  all 
operating  conditions,  no  correction  for  the  open  nose  ra-. 
quirod  by  tho  Triton  design  was  attempted,  since  in  moot 
oases,  tho  fom  drag  of  the  duoted  ogive  is  approximately 
equal  to  tho  form  drag  of  a corresponding  solid  ogival  nose# 
In  this  care,  tho  necessary  ar sumption  that  these  fom  drags 
aro  equal  is  basod  on  tho  fact  that,  for  tho  proper  diffuser 
design,  tho  tr/o-pdinennional  flow  at  the  diffuaor  oowl  lip 
rroduooa  a pressure  distribution  th.at,  when  intogratod  over 
the  smaller  area  of  the  ducted  nose,  produces  a pressure  drag 
roughly  equal  to  tho  drag  produced  by  integrating  the  threo- 
di-  lonnionol  pressure  distribution  of  the  solid  ogival  nose 
over  its  largor  arsa.  This  assumption  is  put  on  a more  con- 
servative baoia  by  neglecting  the  lower  friction  drag  and  tho 
lnovonssd  lift  at  nnglos  of  attach  available  with  the  ductod 
none, 

fwo  different  coufigurati one  roro  conoiderodt  ono  with 
n wing-to-body  nroa  rr-  tio  of  2 0 nr.d  nn  ay  poet  ratio  of  4, 
mb  the  other  with,  a wiry- to-body  ratio  of  10  and  an  aspect 
ratio  of  2#  thing  the  fchooro ticca  nofchod  of  calculating  lift 
end  drag  cccfficiimtii  for-  supersonic  wing-body  combinations 


cmrxmiKL  10 

indicated  in  Reference  (Ip),  it  may  be  shown  that,  'all  other* 
quantities  remaining  constant,  a reduction  in  the  wing -to- 
body  area  ratio  frora  20  to  10  will  have  a small  effeot  on 
the  aerodynamic  coGffioients.  The  relative  independence  of 
tho  aerodynamic  coefficients  of  the  wing-body  combination 
on  ohangea  in  tho  «ing-to-body  area  ratio  is  also  verified 
experimentally  In  Heferonoo  (42).  Hence  the  data  shown  in 

. p *■ 

Figures  (2)  through  (6)  was  used  for  both  configurations. 

Throe  of  tho  four  cauos  considered  have  an  external 
auxiliary  power  duct  mounted  aft  of  the  center  of  gravity 
on  tho  top  of  tho  fuselage.  Tho  purpose  of  this  duot  la 
discussed  in  Section  V.  In  order  to  oorroot  the  aorodynoaio 
data  for  this  deviation  from  the  experimental  configuration. 

It  i/aa  assumed  that  this  auxiliary  power  duct  was  at  aero 
angle  of  attack  at  all  tinos*  The  correction  then  consisted 
of  adding  on  the  minlimiu  drag  of  tho  auxiliary  duct,  obtained 
from  Reference  (9)*  and  modifying  it  by  the  ratio  of  the 
maximum  auxiliary  duct  area  to  the  total  wing  arba.  Slnoo 

t" 

the  auxiliary  duot  is  relatively  small,  tho  error  introdueo^tf 
by  tho  assumption  of  z*>ro  angle  of  attaok  is  negligible. • <Jie 
auxiliary  duct  is  assumed  to  be  cn>CM»>>rs'>  a suffi- 

cient distance  from  tho  wings  and  body  so  that  tho  intorforonoo 
effects  nay  be  nogloctod*  In  Reference  tlf.3),  it  is  uhown  that 
the  assumption  of  n.j'llgible  interferences  effects  is  oonoorva- 
tlve0  cinco  proper  pine  rent  of  tho  auxiliary  duct  can  roduce 
tho  axial  drag  force  by  as  much  as  30,'  of  the  cum  of  the  drag 
forces  of  cho  Individual  components. 
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It  should  aloe  be  ncntloned  that  the  tail  area  that 
would  be  required  in  a more  detailed  aerodynamic  design  is 
assumed  to  be  part  of  the  total  wing  area*  Thi3  approxima- 
tion is  necessitated  by  the  fact  that  the  majority  of  the 
models  tested  in  the  wind  tunnels  had  no  tail  assemblies* 
However*  as  notod  previously  in  this  section,  a slight 
change  in  wing- tc-bcdy  area  ratio  has  little  effect  on  the 
aerodynamic  coeff ieionti-  Therefore,  assuming  that  the 
mean  effective  angle  of  attack  of  tho  horizontal  tail  sur- 
face is  approximately  equal  to  that  of  tho  main  wing,  and 
* 

that  the  form  and  friction  drag  of  the  vortical  toil  sur- 
face is  mall  with  rospoct  to  that  of  tho  rest  of  tho  v/ing- 
body  combination,  wo  eeo  that  the  err  or  due  to  tills  compro- 
mise is  within  tho  limits  of  ac  C wUTvlC  j f of  tho  aerodynanic 
data  itself. 

It  is  oo96ntlal  that  conservative  aorodynamic  data  bo 
uaod  in  tho  stop-by-stop  calculation  of  the  acceleration 
tra.loctory,  t>Von  though  the  procedure  described  above 
utilises  data  that  doos  not  striotly  correspond  to  tho 
Triton  configuration,  it  is  an  easy  raothod  of  obtaining 
accurate  data  applicable  to  a tuporaonio  missile  that  io 
ro-rotjontntive  of  prasont-day  dosign,  The  radical  departure 
of  tli a freu  tho  rocket-boost  type  of  trajoctory  noeenai- 
tatos  this  a proxinntion. 
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IV  Power  Plant  Data 

In  Iteforonce  (5),  a complete  discussion  of  the  theo- 
retical development  followed  to  produce  the  performance 
figurea  for  the  raua  rocket  is  presorted#  This  performance 
i3  discussed  in  terms  of  fcrro  parameters!  specific  fuel  con- 
sumption and  thrust-  per  unit  maximum  cross  sectional  area. 

The  data  covor3  altitudes  up  to  100,000  foot  for  duot  mixture 
ratios  between  15  and  30.  "or  the  acceleration  phase  of  the 
night*  however,  it  was  necessary  to  extrapolate  this  data 
dovm  to  valuea  of  tho  duot  mixture  ratio  on  the  order  of  2 
and  3 to  obtain  the  thrust  nocessory  for  acceleration-, 

A brief  remuneration  of  tho  assumptions  upon  which  tho 
theoretical  performance  data  is  based  will  perhaps  be  helpful. 

i 

Pir9t,  it  was  assumed  that  tho  diffuser  operation  was  on-dcslgn 
at  all  flight  speeda#  In  addition,  a constant  burner  inlet 
h'aoh  numb  or  was  maintained  by  the  use  of  a variable  geometry 
diffuser  and  exhaust  nozzles  Secondly,  the  effects  of  friotie n 
and  heat  tranofer  arc  negligible.  Finally,  it  wfie  assumed  that 
tho  influeno.e  of  tho  variation  in  altitude  and  angle  of  attack 
on  the  combustion  efficiency  is  also  negligible.  This  aoGump- 
tion  io  justified  by  the  faot  vhat  tho  fuel  io  introduced  into 
the  combustion  clus iber  es  a hot,  high  velocity  gas  stream  oom- 
poood  icoctly  of  hydrogen  and  enrbon.  A combustion  chamber 
length  of  about  6 dianotors  wne  ucod  in  fchooo  calculations, 
though*  experimental  invontigatiene  of  th.ia  problem  indioafce 
that  in  practice  du’f.ificial  rr.e&np  mot  bo  employed  to  obtain 
equilibrium  over  lKm  nixing  length  assumed#  Obviously^  the 
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foregoing  assumptions  are  rather  opting  itic,  but  off-design 
trajectory  calculations  ore  prohibitively  laborious.  Tlv^  ■ 
wo  must  accept  the  results  as  those  stemming  from  the  use  of 
an  optimum  power  plant  that  can  be  approached  in  practice 
with  the  use  of  variable  geometry  equipment. 

Tho  primary  advantage  of  the  ram  rocket  is  its  ability 
to  deliver  a varying  thrust,  with  a similarly  varying  specific 

t 

fuel  consumption.  To  accomplish  this,  a variable  rocket  mass 
flow  imust  be  available.  To  do  this  in  practice  will  necessi- 
tate the  ubo  of  a battery  of  roc!:ets  in  tho  main  duot,  with 
perhaps  the  additional  requirement  of  a aiaallor,  auxiliary 
duct  for  cruising.  Tho  maximum  rocket  flow  required  is  gover- 
ned by  tho  air  flow  through,  the  duct  at  low  altitudes  and  low 
duot  mixture  ratios.  The  minimum  rocket  mass  flow  is  fixed 
by  tho  peon  cruising  condition  at  high  altitudes,  where  the 
criterion  of  constant  volocity  will  demand  a thruat  nhioh  is 
a small  part  of  tho  thrust  required  during  acceleration.  The 
auxiliary  duct  and  multiple  rockets  in  tho  main  duot  provide 
tho  moana  of  obtaining  this  fchruct  variation  without  exceed- 
ing roneonablo  oonhuotion  mixturo  ratios. 

In  a urinary  then,  it  io  expoctod  that  tho  theoretical 
rai»  rochet  will  evidence  contain  advantages  over  the  ranjot 
as  a power  plant  for  a ^uporsonlc  long-range  guided  laiosilo. 
First,  tho  o?  ir.Inntion  of  much  of  the  sensitivity  of  tho  com- 
bustion process  to  changes  in  altitude  and  operating  condi* 
tiens  will  bo  the  result  of  tho  unique  mu  tho  d of  fuol  injoct- 
ion*  The  fuel  consumption  of  tho  ram  rocket  during  aocolora- 
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tion  is  substantially  leer  than  a solid  or  liquid  fuel 

rockot  boost  cystem  for  a ramjet*  and  hence,  for  the  sane 

total  take-off  weight,  the  rare  rocket  will  have  a higher 

value  of  ? , The  size  of  the  booster  and  its  attendant 
c 

logistic  problems  may  also  be  reduced  to  a minimum  by  the 
use  of  the  self-accelerating  ram  rocket  power  plant.  This 
reduction  in  the  required  booster  size  i3  of  primary  im- 
portance for  certain  applications  such  ac  shipboard  launch- 
ings. 
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V Adaptation 

■s 

111©  next  problem  that  should  bs  mentioned  is  the  r&thsr 
arbitrary  task  of  adapting  the  ram  rocket  power  plant  to  the 
Triton  missile.  Since  complete  stress,  weight,  and  layout 
calculations  have  been  made  for  the  Triton  conf iguration,  a 

7 

minimum  number  of  changes  is  desirable#  Toe  most  drastic  al- 
teration was  necessitated  by  the  addition  of  six  diameters  of 
eoabuatic-n  chamber  length  to  allow  for  an  adequate  mixing 
length.  From  the  design  analysis  in  Reference  (2),  cm  esti- 
mate of  the  weight  per  foot  of  the  entire  cross  section  of 
the  missile  ean  do  made  st  a station  that  includes  the  com- 
bustion chamber.  This  figure  may  then  be  multiplied  by  the 
neoeaaary  length  increase,  and  the  result  will  be  approximately 
.tqual  to  the  weight  that  must  be  added  to  the  structural  weight 
to  coKper.aate  for  the  ml  a a lie  length  increase  e The  flame  holders 
aad  fuel  injeotors  of  the  raujet  engine  »dli  be  replaced  by  a 

©lusts?  ef  rockets  and  their  supports;  It  is  t^sumc-4  that  this 

•* 

change  will  have  no  effoct  on  the  evorall  body  weight*  V 

Using  Reforonoe  (6),  it  waa  possible  to  reevaluate  tWo 
wing  weights,  basing  the  calculation  on  a wing  of  triangular 
plAnfors  ana  thickness,  Aa  would  bo  expected,  th*>  smaller 
aspect  ratio  end  area  of  one  of  ths  tvo  wings  considered  allowed 
a decrease  Sn  the  structural  weight,  whereas  the  largor  wing 
required  an  increase  in  the  structural  weight  over  the  figure 
used  for  the  original  Triton  conf lgur«tlon«  Othor  minor  changes 
included  & weight  addition  to  allow  for  the  variable  diffuser 
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and  exhaust  nestle  gso-netry*  Since  the  rcokets  in  the  main 
powir  duct  aro  inoperative  during  the  cruise  trajectory,  the 
throe  ram  rocket  missiles  with  auxiliary  power  ducts  would  be 
under  a handioap  due  to  the  increase  in  drag  caused  by  the 
cold  flow  through  the  main  power  duct.  One  method  of  circua* 
venting  this  situation  would  be  to  jettison  the  diffuser  cowl 
at  the  start  of  the  Brsguet  flight  path,  and,  with  the  aid  of 
the  variable  diffuser  equipment,  position  the  spike  of  the 
diffuser  so  that  it  closes  off  the  entrance  to  the  main  power 
duet,  Oie  resulting  configuration  is  shown'  at  the  bottom  of 
Figure  (8), 

The  auxiliary  duct  weight  was  eatisated  from  Reference 
(7)  on  the  basia  of  an  average  burner  diameter  of  2,5  feet. 

In  all  cases,  the  sura  of  main  burner  duct  area  and  auxiliary 
duct  burner  area  was  kept  constant  at  l6e5  squaro  fe)t.  This 
figure  corresponds  to  the  oiaximua  cross  sectional  area  of  the 
micelle  body,  and,  for  the  case  of  zero  auxiliary  duct  iron. 
would  represent  a combustion  chamber  occupying  the  entire  crocs 
acotion  of  the  niaslle  body,  Hoverer,  as  mentioned  previouoly, 
it  wsa  convenient  to  hav«  an  auxiliary  duct  aveiitbla  to  satisfy 
tha  eruialng  condition.  of  constant  velocity,  Iho  area  required 
for  thi j auxiliary  duct  depends  on  tuo  altitude  and  ep&ud  of 
the  cruise  trajectory,  and  will  vary  for  the  four  oasos  con^- 
siderod,  Since  the  variation  is  smell,  it  was  assumed  that  the 
offoot  on  the  body  weight  was  negligible,  Shis  approximation 
was  justified  by  the  faot  that  the  eum  of  the  areas  of  the  two 
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burners;  was  kept  constant,  and  hence  the  sum  of  the  weights 
of  the  two  ducts  will  also  be  roughly  constant,  This  approx- 
imation also  allowed  a great,  simplification  in  the  trajectory 
calculations. 

Anotner  alteration  stsmcd  from  the  fact  that  the  REM  ia 
essentially  a single-otago  missile*  Ail  the  fuel  required 
could  not  bo  carried  internally  without  a major  change  in  the 
Triton  dimensions,  hence  an  external,  disposable  fuel  tank  was 
added  to  th*  REM*  This  auxiliary  ut a assumed  to  fit  close  to 
the  belly  of  tho  missile  so  that  its  influence  on  the  eer-uuynaaic 
coefficients  waa  r.ogl igibie.  About  1+6,^  of  the  fuel  is  carried 
in  thee*  tanks,  ana  is  burned  within  the  first  four  minutes  of 
flight. 

Finally,  it  should  bo  mentioned  that  duo  to  the  require- 
ments of  launching  from  a stationary  position  it  is  necessary 
to  hav*>  a email  aolid-propellant  booster  for  take-off  aesis- 
tones*  Iho  booster  rocket  was  selected  from  Reference  {/),  suiu 
ha#  an  \yvreatrioted  burning  tiae  of  four  seconds  while  deliver- 
ing alnoat  5^,000  pounds  of  thrust.  Three  of  these  unite  wore 
used,  and,  at  the  launching  angle  assumed,  the  total  impulse 
provided  by  the  three  units  was  close  to  tho  required  ninlaun, 

The  total  booster  weight  for  the  REM  was  approximately  om>  fifth 
of  the  Triton  booster  weight,  and  the  v>e  was  only  .11+0  ♦ Furthor 
reduction  in  th«  booster  siu*  would  require  the  uoo  of  c take- 
off rasp, 

A brief  a were ary  of  the  calculations  outlined  above  appears 
in  Appendix  Aa 
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VI  jrjtjeo ton-  Analysis 

ihis  section  contains  4 brief  review  of  the  simple  equa- 
tions used  to  calculate  the  acceleration  and  cruise  trajector- 
ies. 

First,  during  the  acceleration  part  of  the  flight  path, 
it  was  necessary  to  use  a step-by-step  integration  of  the 
equations  of  motion.  Considering  the  missile  as  a point  mass, 
and  rostr-icting  Its  movement  to  a vertical  plane,  the  equations 
of  motion  in  the  tangential  and  normal  directions  to  the  flight 
path  may  be  written: 


W dV  * Tcoa  <*.-  D - Vs  in  6 (1) 

g dt 


wd  W V dt?  a Tsin*.+  L = Woos© 
S at 


(2) 


where  Vo 
W= 

lb 

D- 


o<= 


9* 


Writing 
assuming  the 
{?.)  becor.o: 


velocity  of  missive  in  feet  po*-  seoond 
weight  of  missile,  pounds 

acceleration  of  gravity,  foot  per  second  per  second 
thrunt,  pounds 
drag,  pounds 
lift,  pounds 

angle  of  attack  of  missile  and  wing 

angle  of  p,la&ilo  with  respect  to  the  horizontal 
which  l a positive  when  missile  is  climbing* 

the  lift  and  drag  forcos  in  coefficient  form,  end 

anglo  of  attack  ^ to  bs  small,  Equations  (I)  and 
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- hsin&J  (.3) 

’1^  S - WcocSj  (4) 


where  M - Mach  numb  or 

S = total  wing  area,  equate  feat 
- ambiont  static  pressure,  psia 
i = ratio  of  specific  boats  of  air 
C_  = lift  coefficient  of  wing-body  combination 

Lt 

Cq  ss  drag  coefficient  of  wing-body  combination 

For  uao  in  the  stepwise  integration,  the  equations  are 
written  In  an  incremental  fora,  where  and  A & are  calcu- 
lated for  a given  increment  of  tins,/!,  t.  With  this  nodifioa- 
tion,  Equations  (3/  and  0+}  way  be  written! 

£v  c - K °D  p0  :-'2  ~ Weln  e]  <5) 

A0  ~ Tt*  in  (sc  * K CL  Po  M2  - vrcoa  &]  (6) 

wliors  K « }J'M,  S,  a constant. 


i.  Finally,  tho  familiar  Proguot  range  equation  io  used  to 
calculate  tho  cruising  range.  In  Hoforoneo  (1),  it  was  shc-un 
that  fr  constant  velocity  cruise  path  was  opti.;un  for  a ramjet* 
Oovloualy  this  criterion  nay  bo  extended  to  oover  tho  case  of 
the  run  rocket®  A brief  derivation  of  the  Eroguot  equation  in 
tho  fom  used  in  these  oalcuiat ! ona  nay  bo  of  interact* 

Since  the  charge  in  weight  of  tho  missile  during  cruiae 
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la  determined  by  the  ~fuol  consumption  rate,  wo  mej  writer 


* 41  - - sgs*  T 
di  J6&Q 


• ? i 

\ i / 


and,  applying  tbs  condition  that  nr  « 0#  Equation  (7)  becomes! 

dt  *=  ifeflo  dw  (0) 


#rr» 


The  range  is  the  integral  of  the  velocity  ovor  the  flight 


tlae,  coi 


r 


Hangs 


V <?t 


(9) 


or  changing  Unit*, 


Range  « _ / 3600  V dW 

/ sfcvjj 


(105 


whore  » aleoile  weight  at  time  t*  0,  or  at  beginning 

of  cruise,  and  V » e^ty  weight  of  mlssiio  at  tine  t3 

With  the  condition  that  0,  Equation  < 6 ) supplies 

the  relation! 

L * W - Te.tn  ( xx) 

She  value  of  T and  ex.  required  to  satisfy  the  constant 

: 

velocity  restriction  are  relatively  small,  Honee  Equation 
(11)  may  b*  approximated  by  the  relation! 

L c V £12) 
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Substituting  this  Identity  in  Equation  (iO),  va  see  that* 

C13) 


rwe ' 


Range  « j 36OO  V L dW 

“ 1 sTT  T5  TT 
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V and  L nev  bo  held  constant  bv  vanving  the  T.hr'»*t.  arid 
D 

the  angle  of  attack*  2ie  specific  fuel  consumption  will  vary 
with  £he  thrust  and  altitude,  but  for  purpose*  of  Integration, 
the  SPG  nay  be  replaced  by  a mean  value  that  is  described  in 
the  next  section*  Integrating  fijuation  (13),  wo  obtain! 


Rang® 


However! 


(14) 


and  therefore  the  range,  in  nautisal  silos,  may  b©  written  att 

R *“  ,592  XL  la  1 (15) 

arc  d 1 - 

0 


Equation  {$)  will  provide  the  value  of  T to  aatimfy  the 
condition  that  d ? n c at  any  Haoh  number  and  altitude-*  liqua- 
tion (6)  establishes  the  angle  to  maintain  level  flight  during 
cruise,  i*e*#  £©=3  0*  However,  since  for  any  particular  OFals- 
i"*3  velocity  t-hers  is  c corresponding  nsiAisisi  lif fc^to-urm^  su tic*. 

It  is  requited  that  this  valve  of  (k)  be  maintained  to  ensure 

**  nax 

aaxlrii.a  renge*  Therefore,  the  angle  of  attack  <*  must  be  held 
constant,  and  Bquation  (6)  thon  provide*  tho  variation  in  alti- 
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tude  required  to  ^ointain  (£)  as  the  weight-  of  the  missile 

D max 

deords.sea.  Shis  information  enables  us  to  calculate  the  mean 
thrust  ana  hence  the  mean  specific  fuel  consumption  for  the 
cruise  trajectory  to  use  la  the  range  equation. 

Again  ve  see  that  for  maximum  range,  the  quantities  V,  & , 
and  v6  should  be  maxim!  Eed,  while  the  SPC  should  be  minimised* 
A glance  »t  the  Mrodynamio  and  power  plant  performance  data 


•hows  that  for  flight  Mach  members  above  2,  the  changes  '•/ith 
Mach  number  in  the  SFC  and  maxima  lift-to»drag  ratio  are  small, 
una  consequently  have  nuoh  les»  influence  on,  the  range  than  the 


variation  of  the  quantity  V In  1 

i - A 


Sinoe  -p  0 decreases  as 


*4  the  cruise  velocity  is  increased,  the  quantity  V In  X 

1 ~ 

ahould  be  maximised*  For  usual  values  of  the  overall  loading 

factory)  , tho  quantity  V In  1 increases  with  increasing 

I"- -Pc 

velocity  for  flight  speeds  up  to  and  beyond  the  critical  spoed 
determined  by  aerodynamic  heating  and  the  missile  materials*  It 
may  thus  be  ooncludod  that, up  to  the  point  of  prohibitive 
vehicle  weight,  the  maximum  range  will  usually  be  obtained  by 
flying  at  the  highest  possible  velocity  commensurate  with  tea- 

n 

poraiurs-atroaa  limitations  of  the  missile  construction. 
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VII  Results  o t Calculations 

A aumary  of  the  results  Is  presented  in  Table  II.  As 
previously  mentioned,  four  oases  were  calculated  for  compari- 
son with  the  Triton  ramjet  missile.  Two  valuo ;i  of  aspect 
ratio  and  wing  area  were  considered,  as  veil  as  two  flight 
Mach  number*.  In  addition  to  having  a lower  wing  weight,  the 
RRH  with  tho  smaller  wing  benefited  by  its  requirement  of  a 
lower  initial  cruise  altitude,  and  consequently,  an  accelera- 
tion through  a denser  atmosphere*  Per  a given  configuration, 
the  effect  of  increasing  the  cruis*  Mach  number  from  2.5  to 
4;0  io  clearly  shown.  It  is  interesting  to  note  that,  con- 
trary to  rocket  missile  and  rockot  boosted  ramjet  missile 
teohniqu-,  it  la  beneficial  to  accelerate  in  as  low  an  alti- 
tude range  as  is  compatible  with  the  Breguet  trajeotory  olti- 

tudo  requiisimont3.  This  characteristic  is  a result  of  the 

* 

Increased  margin  of  thrust  over  drag,  at  hi^hor  ambient  press- 
ure a duo  to  the  dependency  of  the  thrust  per  unit  cross  sectional 
area  of  tha  r*n  rocket  on  thG  pressure  level  during  tta  combust- 
ion oyole® 

Further  conpariaon  between  the  Triton  missile  and  tho  two 
RRM  missiles  wit h a design  Mach  number  of  2.5  reveals  that  ths 
missiles  with  the  rc  rocket  power  plant  achieved  approximately 
the  some  range  as  tne  In  ton  at  essentially  the  same  flight 
speed,  but  with  almost  20,£  loss  total  take-off  weight  end  with 
% reduction  in  tho  booster  weight  of  about  00,£.  In  labia  11, 
the  cruise  roj^oo  of  the  HKH  Ho,  1 end  Ho.  3 aro  modified  by 
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employing  the  value  of  and  SFC  listed  for  the  iriics* 

With  identical  aerodynamic  and  power  plant  performance,  this 
comparison  ae^es  only  to  show  the  importance  of  minimising 
the  fuel  consumption  during  the  acceleration  trajectory  and 
indicates  that  co^pt&rehxe  vaxues  ci  / muy  oe  octamed  with 
sisablo  reductions  In  fcake-off  and  booster  weighte, 

TABUS  II 

-----  - Mm,  mil-  mJi— 

1*92  1=92  1,92 

4.32  4.32  4.32 

.496  MS  .413 
2044  1769  1791 


Cruise  SPC,  hr."^ 

A) 

E mas 

Range,  nautlool  miles 
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No  attempt  was  made  to  optimise  the  acceleration  trajoc- 
tory  of  the  RHH.  H is  alios t certainly  true  that  acme  othex* 
trajectory  other  than  the  constant  angle  of  olinb  trajectory 
employed  will  prove  more  adaptable  to  the  ram  rocket  character- 
lotlce  and  will  permit  oven  greater  reductions  in  the  total 
take=off  weight  of  the  Tritoa~type  missile#  -ven  though  the 
conditions  asauntd  for  ran  rocket  power  plant  operation  repr#» 
oont  optimum  performance,  the  results  clearly  indicate  the 
ability  of  ;ks  ram  rockot  principle  reduce  the  specific  fuel 

i 

consumption  during  the  acceleration  period  and  to  eliminate*  the 
problem  cf  largo,  bulky  boasters. 

ihcro  aro  certain  practical  cliff  icultie*  to  be  overcome 
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before  the  ran  rocket  missile  boccnoa  a reality.  Perhaps  the 
greatest  disadvantage  is  the  large  variation  In  duct  fixture 
ratio  necessary  to  satisfy  the  thrust  requirements  during  both 
the  acceleration  and  the  oruiae  trajectory,  Shi  a variation  in 
tha  cunt  mixture  ratio  imposes  the  condition  that  the  rocket 
aassflow  must  be  controlled  by  same  such  method  as  was  sugges- 
ted earlier  in  t ie  report*  i.e.,  a battery  of  rockets  with  the 
possibility  of  using  the  raaas  flow  from  all  or  part  of  these 
rookots.  Obviously,  the  auxiliary  pevsr  duct,  though  con- 
venient for  the  purposes  of  this  report,  should  be  avoided  if 
possible  in  an  actual  application. 

However,  the  assumptions  ar.d  calculations  made  in  this 

report  arc  generally  conservative*  and  the  results  outlined 

in  this  preliminary  investigation  cor+’&inly  establish  the  de- 
* • 

oirabillty  of  further  detailed  investigations  of  tha  applica- 
tion ef  the  ram  rocket  as  a power  plant  for  a long-range 
guidod  missile. 
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TABLE  XII 


i hh 

TRITON 

HTt'L/1 

RPL.-2 

3 RRft44 

Tcst&l  ftiiig  ireta/bcd^  are*  - 

-^» 

X 

7 .22 

20 

20 

N r. 

XU 

10 

Rtvio 

3.6 

4,0 

4.0 

2,0 

2,0 

Cruiss  Htch  p-sabar 

Uk 

2.5 

4s0 

2.5 

4.0 

Gross  tak«r3fi‘  wight,  It*. 

>0,000 

24,700 

24,700 

24,700 

24,700 

Booster  wight,  lbs. 

14,500 

3150 

3450 

3450 

3450 

v>* 

•i*82a 

♦ liiO 

.140 

.140 

.140 

Pad  weight*  Its, 

no o 

12,060 

n,5oo 

11,900 

11*900 

fepty  weight  (tAth  payload), 

2 be. 

?800 

669-3 

- 9490 

9050 

9050 

£st<srnal  iu*l  tanks,  lbs* 

- 

>00 

260 

300  ■ 

300 

Pud  in  body,  lbs. 

nm 

6500 

6500 

6500 

6500 

fu«l  in  external  tanks,  lbs. 

m 

5560 

5000 

5400 

5400 

Cross  wight  *t  end  of 
deceleration 

15,500 

15,166 

13,943 

15,426 

13,939 

^0 

.456 

.115 

.320 

.413 

.350 

Angle  of  lsunohing,  degrees 

ls6 

60 

60 

60 

60 

An^ls  of  cliab,  degrees 

s*ro  lift 

>0 

>0 

30 

30 

Tnltial  Sfsguet  altitude,  feet 

57,000 

84,000 

103,400 

61,000 

60,500 

Pinal  firsgust  altitude,  feet 

70,500 

95,000  111,000 

72,500 

90,000 

Karlstta  4 during  orulaa 

H 

4,32 

U.66 

5.20 

4»3> 

6,00 

Cruising  arc,  hr,*1 

1,92 

1.85 

1.75 

1.71 

Cruising  duct  slxturs  ratio 

- 

>3 

26 

30 

30 

Accslsratian  tire,  ascend; 

- 

190 

290 

95 

156 

Rangs,  nautical  dies 

2044 

2000 

2757 

2200 

3230 

aa;^*t,  acceleration 

154 

50 

107 

30 

50 
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ITS!  .2. 

I T02I 

tua-:74 

TLP21  <2 

HICI--3 

i tPL 

Kale  Power  Dacti 

Scnb*f  of  racket* 

12 

10 

10 

10 

Thrust  per  rocket,  lbs# 

a 

1*000 

1,000 

1,000 

1,000, 

HaxLaon  uts  flow,  lba./eeo 

* • 

60 

50 

50 

50 

A rea,  square  feet 

U.2 

16.5 

H 

o 

<* 

o 

io.5 

H4.00 

Auxiliary  Power  Duct: 

Himbfltt*  of  rackets  • 

** 

- 

10 

10 

10 

Thrust  per  rocket,  iba. 

a 

200 

200 

200 

Jttslwai  nos  flot#3  iba./asc 

• • 

- 

10 

10 

10 

• 

Ares,  square  feet 

w 

C 

6.5 

6,0 

2,5 

Booster  i 

Burning  time,  seconds 

6 

i. 

I; 

h 

h 

Thrust  of  each  unit, lbs. 

914,000 

19£580 

19,580 

19,580 

19,580 

Hu*  bar  of  units 

h 

3 

3 

3 

3 

Overall  l*puIpe»weiKhv 

ratio 

160 

173 

173 

173 

173 
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(1)  Chang©  In  Body  design 

?o r an  average  combustion  chamber  area  of  11.5  3quar« 
feet,  the  combustion  chamber  diameter  is  3 e S3  feet.  It* 
obtain  a mining  length  of  6 diameters;,  the  combustion  chamber 
must  be  23  foot  long* 

It  is  necessary  to  add  an  extra  internal  fuel  tank  to 
provide  fuel  volume  for  6500  lbs.  of  fuel,  fhis  extra  fuel 
tank  also  requires  an  additional  increase  in  the  body  length* 
riethylacotylca©  has  a specific  gravity  of  ,670,  hence  the 
capacity  of  the  forward  fuel  tank  is 

301*0  x = 2580  lbo, 

Therefore,,  tho  extra  internal  tank  must  held 
6500  - 2580  = 3920  lbs, 

Ihia  wolght  of  fuel  requires  a tank  volume  of 

= 92,6  cubic  feet, 

A tark  1*&.6  inches  in  di smote?  and  7,50  feet  long  will 
provide 

11.88  x 7.80  « 92,6  cu,  ft. 

Therefore,  the  total  length  required  aft  of  station  300 
on  the  Triton  fuselage  is 

7.60  + 21.00  = 30.00  feet. 

Of  this  distance,  18.50  1c  already  available  in  the 
Triton  fusolige,  and  hence  the  total  ineraaso  In  body  length 
required  is  Id  fe»t.  The  aft  fuel  t*rk9  vhich  ire  9.5?  feet 
lor^  and  woigh  500  pounds,  ar?  roplaccd  by  an  outer  skin  and 
combustion  chamber  structure. 
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Assuming  that  the  additional  internal  fuel  tank  to 
constructed  In  the  same  manner  as  the  forward  fuel  tank  in 
the  Triton  dosign,  the  following  weight  estimates  may  be 
made* 

Triton  fuel  tank  = 200  lb  a. 

effective  length  of  the  Triton  fuel  tank  « 6*67  ft. 
weight  per  foot  = 30  Ibo./ft* 

Therefor©,.  the  additional  internal  fuel  tank  weighs 
30  x 7.7  = 231  Tbs# 

Por  the  outer  shell,  we  have  the  following  estimated 
outer  shell  at  combustion  chamber  = 160  lbs* 
lergth  of  outer  shell  « 74.59  ft. 

% 

weight  per  foot  = 21.1* lbs. /ft. 

Therefore.,  the  additional  weight  of  tho  outer  shell  is 
21.57  s 21.1  « 45S  Iba* 

Since  7*59  foot  cf  combustion  chamber  space  are  available 
in  the  original  Triton  configuration,  the  additional  combustion 
cham.bor  structure  required  ia 

23.00  - 7.59  * 15.41  foot. 

From  Reference  (7),  the  combustion  chamber  structure  of  a 
6 foot  diene tor  burner  voigho  Q$,6  pounds  per  foot.  A r, fuming 
that  the  eross-scctional  wei^it  of  thu  burner  construction 
varies  es  the  square  of  the  diameter,  then,  for  » 3.u3  foot 
diameter  humor,  wo  find  th*t  tho  weight  is 

Xliitill  x 65.6  c ^5  lbs.  per  ft* 

(6)2 
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For  15*4  feet  of  additional  burner  length,  th©  voignt 
increase  is 

35  x XSsh  = 5i-0  lbs, 

The  original  60  ibtj*  of  booster  fittings  are  reduced  to 
20  lbs#  dace  the  booster  weight  is  only  one  fifth  of  the 
original  booster  weight*  Finally,  an  arbitrary  addition  of 
100  iba*  representing  the  v&riahlo  diffuser  geonstry  was 
asaused,  as  veil  a a 50  lbs*  for  a variable  exhaust  nosj&la* 


(2)  Auxiliary  Dust 

She  s’jo  of  ihe  main  burner  crsss-saotional  area  and  tho 
auxiliary  duct  cross-sectional  area  nruat  rsaain  constant  at 
lb, 5 square  feet,  and  therefore,  for  a basic  burner  area  of 
11,5  square  feet,  the  bade  auxiliary  duct  are*  is  5*0  square 
feat*  With  an  overall  power  duct  length-to*dl abater  ratio  of 
0,  the  burner  length  crust  be  15  feet  to  satisfy  the  criterion 
of  a burner  L/D  of -approximately  6,  She  linear  weight  esti- 
mate* can  be  written  u 

linotr  weight  of  combustion  chamber  « x 05*6 

(6)2 


linear  weight  of  outer  shell 


15  lb a- /ft, 

(a.fc)2 


aiffusor  otructure 


x 21,1 

{ %^)2 

«=  10  lbo#/ft, 

« (2*6)g  x U60[ 

(3.5#3>2  (4*  3) 
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Using  the  above  linear  weight  estimates,  the  weight  of 
tho  auxiliary  duct  is  distributed  as  follows  % 
outer  shell  = 150  lbs* 
combustion  chamber  = 225  lbs. 
diffuser  and  spike  = 05  lbs* 
rookets  and  supports  = 100  Its* 
strut  » 00  lbs* 

Total  weight  of  auxiliary  duct  = 600  lbs. 


& 
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(3)  Wing  'Weights 

« 

Using  the  method  found  in  Referonce  tfc) , the  parameter 
of  interest  is  the  quantity 

..  fb  (t/c) 

r- j— 

w vr 

whore  JTb  D street  of  outer  fibor  in  bonding,  pel 
, t/o  a thickness  ratio  of  wing 

a planfom  parameter 
cr  * a2  for  a delta  wing 

hr 

Cr  s 5’oot  chord,  inches 
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external  wing  area  = Y2  aq.  ft,  ^ 

root  chord  *=  13*55  ft* 

fb  « 25,000  psi  (Dural) 

<*"  = b250 

wins  loading  - 268  Ibs./sq.  ft, 

Ihe  value  of  P for  case  (a)  is  18-5,  and  the  resulting 
■*alue  of  the  wing  weight  por  cqu&rs  foot  of  external  wing  area 
1*  2#![  Ibe,  per  square  foot.  !he  wing  weight  oan  theA  bo 
written  aa 

Vy  «=  2,4  x 92 

= 22%  lbs. 


Case  (z'n 

S/A  * 20 

t/o  « * 05 

/K  * 4,o 

total  wing  area  = 330  square  ft. 
external  wing  area  - 251  square  ft* 
root  chord  ® 15*85  ft. 

fb  » 25*000  pal  (Dural) 

- 1.0 

wing  loading  » 100  lbs,  per  square  ft* 

Ih©rofora»  the  value  «f  r for  case  (p)  is  6«$$f  and  the 
wing  weight  per  square  foot  Is  2,6?  lbs5  per  square  foot©  Hie 
wiag  wolght  then  boconos 


V/v  « 2.63  x 251 
« 660  lba. 
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A sumary  of  the  weight  changes  entailed  in  adapting  the 
ran  rocket  power  plant  to  the  Triton  configuration  is  outlined 
below, 

I tea  - pounds  RRI&'l  RRM#2  Rrdi#n 


'Basic  empty’ weight  of  Triton 
(with  paylotdl 

7800 

7800 

7000 

7800 

1 f]  ^ rr  1 1 w f n yw  aT  I'm  a!  4 * 

nUU*  k*Qun*  i4ii  v vkTiW)  * uv4  w ■!  41 

23  0 

2 30 

230 

230 

Outer  shill 

455 

455 

455 

455 

Combustion  chamber 

540 

5*0 

540 

5W 

Variable  geccetry  equipment 

150 

150 

150 

1^0 

Auxiliary  duct 

600 

600 

600 

Wing  {external) 

660 

660 

220 

220 

Total  additions 

9336 

1043 » 

9997 

9997 

Trit-on  external '‘wing 

i*0S 

1*05 

•405 

4ft  fuel  tank 

500 

500 

500 

500 

Booster  f ittinge 

40 

40 

40 

40 

Total  rwooyala  ’* 

91*5 

945 

945 

945 

Empty  weight  of  niBi.misaile 

(1890 

9490 

9050 

9050 

It  should  Hi  bo  be  mentioned  that  sineo  the  weight  of  the 
external,  disposable  fuel  tank  £o  dependent  on  materials, 
shape,  end  conetructloa,  etc.,  an  arbitrary  weight  of  300  Ibo. 
vee  aosuried  for  this  tank.  -hie  figure  appears  to  be  ooaoifittmfc 
with  the  purpose  and  else  of  this  external  tank* 
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